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2
comprises controlling the pH of the third solution, precipi
tating lanthanide-doped cerium dioxide particles and copper
oxide particles from the third solution, and forming a
composition of lanthanide-doped cerium dioxide and copper
RELATED APPLICATION
5 oxide by heating the lanthanide-doped cerium dioxide par
ticles and the copper oxide particles at a temperature of
The present invention relates to commonly assigned and about equal to or less than 200° C.
co-pending U.S. patent application Ser. No. 10/146,824,
The present invention provides the advantages that a wide
entitled “Method for Directly Synthesizing Doped and range of electrolyte thicknesses may be provided on either
Undoped Nanometer-scale CeO Particles, filed on May 15, 10 dense or porous Substrates at room temperature. The fabri
2002, which is incorporated by reference in its entirety cation process is easy to Scale-up, and the nanostructured
herein.
components allow a lower fabrication temperature of
approximately 800° C., which is about 400 degrees lower
FIELD OF THE INVENTION
than has been previously reported. In addition, the nano
15 composites of ceria and CuO can be formed at a relatively
The present invention relates to solid oxide fuel cells, and low temperature of approximately 200°C. with an average
in particular, relates to a method of fabricating nanostruc particle size of less than 20 nm, indicating that the segre
tured solid oxide fuel cells and cell components for a solid gation of doped ceria and CuO is also under 20 nm. This low
oxide fuel cell that operates at intermediate temperatures.
segregation distance improves anode performance, which is
2O directly related to particle size.
BACKGROUND INFORMATION
Another advantage provided by the present invention is
that
the nanostructured interfacial layer significantly
In an effort to address the cost and reliability issues, over decreases
resistance and the Voltage loss in the
the past few years, the development of Solid Oxide Fuel solid oxideinterfacial
fuel cell as a whole.
Cells (SOFCs) has been towards the reduction of operation 25
temperature into the intermediate temperature (IT) regime
BRIEF DESCRIPTION OF THE DRAWINGS
(500 700° C.). However, for SOFCs to maintain the per
formance levels in the intermediate temperature that are
FIG. 1 shows a flow chart of an embodiment of the
currently achieved in the high temperature regime
method
fabricating a solid oxide fuel cell according to the
(900–1000° C.), stricter demands are placed upon material 30 present of
invention.
selection and the techniques applied in fabrication of the fuel
FIG. 2 shows a schematic illustration of a solid oxide fuel
cells because the component materials need to enable elec
cell according to the present invention.
trode kinetics and internal resistances similar to those
achieved in the high temperature regime. It has proven
DETAILED DESCRIPTION
challenging to process electrolyte and interfacial layers 35
having the requisite density, thickness, and mechanical
Referring to FIG. 1, in the method according to an
characteristics to boost the intermediate temperature opera
tion.
embodiment of the present invention, at a first step 100,
cerium dioxide (ceria) nanoparticles are formed according to
SUMMARY OF THE INVENTION
40 the method more fully described in U.S. patent application
Ser. No. 10/146,824, incorporated by reference above. In
In general, the present invention provides a method of brief, the ceria nanoparticles are formed by mixing a first
fabricating a solid oxide fuel cell using ceria or doped ceria Solution of a cerium salt with a second solution of an alkali
nanoparticles.
metal or ammonium hydroxide to produce a third, reactant
According to one embodiment, the method of the present 45 Solution. The third reactant solution is agitated to ensure
invention includes dispersing ceria and doped ceria nano turbulent flow conditions during which time oxygen may be
particles in a first colloidal solution, atomizing the colloidal bubbled through the solution. Cerium dioxide nanoparticles
Solution into a spray, depositing the spray onto a substrate to are then precipitated from the third solution. Under certain
form a thin film interfacial layer having a thickness in the conditions, the precipitated cerium dioxide particles have a
range of 100 nm to 10 Lim, forming an anode from a 50 predominant particle size within the range of about between
nanocomposite of ceria and CuO at low temperature, 3 and 100 nanometers and an average grain size of about
coupled to the interfacial layer.
between 50 nanometers and 5 microns. All or a portion of the
According to another embodiment, the method of the cerium dioxide particles may be doped with a lanthanide
present invention includes dispersing ceria or doped ceria series metal (i.e. Sm, Pr, Gd, Nd, Yb, Eu, and Y).
nanoparticles in a first colloidal solution, atomizing the 55 In step 110, the doped and/or undoped ceria nanoparticles
colloidal solution into a spray, depositing the spray onto a are dispersed in a solvent. Such as a polar organic solvent
Substrate to form a thin film electrolyte, dispersing a nano (alcohol, acetone, etc.), water, and mixtures thereof. The
composite powder including ceria and CuO in the first Solution to which the ceria is dispersed may comprise any
Solution forming a second colloidal solution, and atomizing organic or aqueous solution, and in particular may comprise
the second colloidal solution, which is deposited over the 60 an aqeuous solution of isopropanol and water. In a more
thin film electrolyte as an interfacial layer.
particular embodiment, the solution may be an aqueous
The present invention also provides a process of making solution of 40% isoproponol and 60% water. The pH of the
a nanocomposite of lanthanide-doped cerium dioxide and Solution is adjusted to about between 2 and 3 by adding an
copper oxide including mixing a first Solution of cerium acid, Such as acetic acid, nitric acide or their mixtures. The
nitrate, a nitrate of a lanthanide series metal, and copper 65 dispersal of the ceria nanoparticles in this solution results in
nitrate, with a second aqueous Solution of ammonium the formation of a transparent colloidal solution of cerium
hydroxide to form a third solution. The process further dioxide nanoparticles after between 2 and 3 days.
METHOD FOR FABRICATING
NANOSTRUCTURED SOLID OXDE FUEL
CELLS AND CELL COMPONENTS
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Although the mixture of cerium dioxide nanoparticles
may be used for various applications well known to those of
skill in the art, one application according to the present
invention is for the formation of a thin film. In step 120, the
transparent mixture of cerium dioxide nanoparticles is atom
ized using a liquid nebulizer to form an aerosol and this
aerosol is deposited onto either a dense or porous Substrate
step 125. Since the aqueous components of the colloidal
Solution are volatile at close to room temperature, upon
being deposited, a majority of the aqueous components are
released, leaving behind a thin film having a controllable
thickness in the range of between about 100 nanometers and
10 microns. Further aqueous components can be removed
through low temperature heating.
According to one embodiment, the deposited thin film can
be used as either a portion of an electrolyte or as an
interfacial layer of a solid oxide fuel cell. In a first embodi
ment, the thin film layer comprises an electrolyte layer, and
in step 130, a second colloidal solution is created by mixing
nanocomposite particles of ceria and CuO in the first col
loidal Solution forming a second colloidal solution, which is
then atomized (step 135) and deposited (step 140) over the
thin film layer. The nanocomposites of lanthanide doped

4
interfacial layer 40 is formed between the thin film electro
lyte and the anode 50. The interfacial layer is formed from
colloidal Solution as described above and includes nano

composite particles of ceria and CuO. The nanostructured
anode 50 may comprise CuO and NiO based materials and,
in particular, may comprise a composite of ceria and CuO as
described above, having an average particle size of less than
20 nm.
What is claimed is:
10

15

nm to 10 microns; and

forming an anode from a nanocomposite of ceria and CuO
at low temperature over the interfacial layer.
2. The method of claim 1, wherein the thin film interfacial

CeO, and CuO are formed by adding a mixing solution

including Ce(NO), Ln(NO) (where Ln=Sm, Pr, Gd, Nd,
Yb, Eu, and Y), and Cu(NO) into an ammonium hydroxide
aqueous solution. By carefully controlling the pH value,
precipitates are formed with a composition of doped CeO.
particles (<10 nm) and Cu(OH) (~20 nm), which are then
transformed to nanocomposites of doped CeO, and CuO at
200°C. The nanocomposites may be processed into nanom
eter scale perovskite powders by the Pechini method,
described in U.S. Pat. No. 5,494.700, by carefully annealing
the nanocomposite in a reducing atmosphere. Such as N2 at
550° C. with a heating rate of 1° C./min. The final nano
composite particle size can be controlled in the range of 8
nm to 100 nm. The nanometer scale powders can be then
dispersed to form transparent colloidal solution with a

25

30

35

similar method shown above.

The layer deposited over the thin film layer in step 140
constitutes an interfacial layer between the electrolyte and
an electrode. The characteristics of the nanocomposites in
the interfacial layer contribute to reducing the resistivity of
the layer. In step 150, a nanostructured electrode including
nanocomposite materials is formed over the interfacial layer.
In particular, a nanostructured anode may include the ceria
and CuO composite fabricated as described above. Nano
structured cathodes may also be fabricated from nanocom
posites of Samarium, strontium and cobalt.
FIG. 2 schematically illustrates a solid oxide fuel cell
fabricated according to the method of the present invention.

40

45

50

As shown, the solid oxide fuel cell 10 includes a cathode
oxide of Samarium, strontium, cobalt, and/or iron. The

layer is deposited at room temperature.
3. The method of claim 1, further comprising:
before atomizing the colloidal solution, adjusting a pH of
the first colloidal solution to between approximately 2
and 3.

4. A method of fabricating a solid oxide fuel cell com
prising:
dispersing ceria and doped ceria nanoparticles in a first
colloidal solution; atomizing the first colloidal Solution
into a spray:
depositing the spray onto a Substrate to form a thin film
electrolyte;
dispersing a nanocomposite powder including ceria and
CuO in the first solution, forming a second colloidal
Solution;

atomizing the second colloidal Solution into a second
spray; and
depositing the second spray over the thin film electrolyte
as an interfacial layer.
5. The method of claim 4, wherein the step of depositing
the spray onto a substrate to form a thin film electrolyte takes
place at room temperature.
6. The method of claim 5, further comprising:
before atomizing the first colloidal Solution, adjusting a
pH of the first colloidal solution to between approxi
mately 2 and 3.
7. A method of making a nanocomposite of lanthanide
doped cerium dioxide and copper oxide comprising:
mixing a first solution of cerium nitrate, a nitrate of a
lanthanide series metal, and copper nitrate, with a
second aqueous solution of ammonium hydroxide to
form a third solution;

layer 20, which supports an electrolyte substrate 30. The
cathode may comprise a composite and may include an
electrolyte substrate 30 may be nanostructured as a com
posite and may comprise any suitable material(s) known to
one of skill in the art, such as yttria-stabilized zirconia
(YSZ), and oxide of zirconium and/or yttria. Alternatively,
electrolyte substrate 30 may comprise a composite of cerium
gadolinium oxide (CGO) and an oxide of cerium and/or
gadolinium. According to the embodiment depicted, a thin
film electrolyte 35 is deposited from a colloidal solution as
described above and includes ceria nanoparticles ranging in
size from 4 nm to 100 nm. Over the thin film electrolyte, an

1. A method of fabricating a solid oxide fuel cell com
prising:
dispersing ceria and doped ceria nanoparticles in a first
colloidal solution; atomizing the first colloidal Solution
into a spray:
depositing the spray onto a Substrate to form a thin film
interfacial layer having a thickness in the range of 100
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controlling the pH of the third solution;
precipitating lanthanide-doped cerium dioxide particles
and copper oxide particles from the third solution; and
forming a nanocomposite of the lanthanide-doped cerium
dioxide and the copper oxide by heating the lanthanide
doped cerium dioxide particles and the copper oxide
particles at a temperature of about equal to or less than
2000 C.

8. The method of claim 7, wherein an average particle size
of the nanocomposite is less than 20 nm.
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